Abstract: Th e study examined the impact of food security on child mortality (infant mortality and under-fi ve mortality), using a dynamic panel data analysis for 114 countries for the period 1995-2009 by considering a wide range of controlled variables such as income, social indicators and policy variables. Th e result suggests that food security has a negative impact on child mortality for all countries and even more impact on child mortality within the food insecure African countries. Th erefore, based on the fi ndings of the study; it is recommended that an increase in food security is indeed a positive policy option, particularly within the food insecure African countries, since it ensures a decrease in child mortality within these countries. 
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Infant mortality is defined as the demise in the first year of life, whereas the under-five mortality is described as the death between the first and the fifth years (Charmarbagwala et al. 2004 ). According to the United Nations report in 2009, the ten countries with the highest infant mortality are all in Africa except Afghanistan. Furthermore, in 2009 about 8.1 million children under the age of five were reported to have died, 7.6 million in 2010, 6.9 million in 2011 and about 50% of the reported child mortality took place in the Sub-Saharan Africa where the income is low, and the access to infrastructure is hardly available or accessible. A more recent World Bank-UN report in 2013 states that approximately 6.6 million children died in 2012 that is almost half of the 12 million children that died in 1990. The Sub-Saharan African countries have the highest incidence of child mortality; although the continent has shown a tremendous improvement in reducing child mortality, yet the continent recorded a death ratio of 98 deaths in 1000 births in 2012.
The World Health Organization 2012 report on African regions suggests that the reason for the death of both infant and children under age five within Africa is due to the preventable causes, some of which include the neonatal conditions and the critical respiratory infections and the AIDS.
The relationship between food security and child mortality is well established. Studies on child mortality have shown that the child mortality rates among the high-income earners are low compared to the lowincome earners (Campbell et al. 2009 ). According to the findings of Campbell et al. (2009) , households with food insecurity score are associated with a greater neonatal, infant, and under-five child mortality among rural families in Indonesia. Furthermore, the World doi: 10.17221/333/2015-AGRICECON Health Organization, 2012 Report, indicates that under-nutrition has both the direct and indirect impact on child mortality in Africa, about 3.5 million child deaths yearly and nothing less than 35% of the figure occurs among children under 5-year-old.
Although the relationship between food security and child mortality is well established in the literature, this study aims to investigate the effect of food security on child mortality, particularly among the food insecure African countries. To achieve this goal, the paper examines the determinants of child mortality and the impact of food security on child mortality within 114 countries for the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Furthermore, the study explores the possibility of the impact of the identified determinants; whether they are different within the African continent (SSA) and among the African countries with food insecurity (SSA2).
LITERATURE REVIEW
Food security is one of the Millennium Development Goals (MDG) of the United Nations in conjunction with the governments of most developing countries; the number one goal of the MDG is to halve poverty and hunger by 2015 while the fifth goal is to reduce child mortality by two-thirds. To achieve these goals, the United Nations is encouraging the governments of these developing nations to pursue policies that will ensure food security and reduce child mortality within these developing countries. Food security is defined as a situation in which people have access to a sufficient quality and quantity of food at all times. The United Nations defined food security through three major concepts that are: Food Availability, Food Accessibility, and Food Utilization. These three concepts are hierarchical in nature. Food availability deals with the supply of food both at the national and domestic level, although very important, it does not guarantee food security; food accessibility refers to the demand for food at all times, hence influenced by the consumer preference and purchasing power. Food utilization, on the other hand, refers to the individual's ability to derive sufficient nutrients from the food consumed for growth. Despite the fact that these three concepts are very important, in conceptualizing food security is determined by the quantity and quality of the dietary intake, general childcare and feeding practices, along with health status and its determinants (Omonona and Agoi 2007) . It is still difficult to quantify food accessibility and utilization; therefore, this study will focus on food availability as a proxy for food security.
Child mortality is an important objective for most developing countries. Achieving this objective requires understanding its determinants so as to follow the right policy paths in achieving this goal.
Determinants of child mortality
Reduction of child mortality is one of the United Nations (UN) Millennium Development Goals; the United Nations' target 5 aims to reduce the under-five mortality by two-thirds between 1990 and 2015. The Inter-agency Group for the Child Mortality Estimation Report (2010) showed that great efforts have been made over the last decade to achieve this goal; in fact, there has been a one-third decline in the global underfive mortality between 1990 and 2009, with North Africa and Asia making the greatest efforts. Despite this improvement in the global child mortality rate, many developing countries, particularly in Africa are still far from achieving this goal; the developing countries are far behind the developed world, with 66 per 1000 deaths compared to 6 per 1000 in the developed region (Kaldewei and Pitterle 2011) .
Several studies have tried to explore the determinants of child mortality. The earliest of such studies was performed using a cross-country analysis; Rodgers (1979) investigates the impact of income inequality on child mortality, using the life expectancy at birth, the life expectancy at age five and infant mortality as the independent variables, the study posits that income strongly affects child mortality for all the countries studied.
Furthermore, Horbcraft et al. (1985) , using data from 39 world fertility surveys, found the child spacing and the age of mother as important risk factors in the survival of a child. Also studies of Cleland and Van Ginneken (1988) using the fi ndings of a multivariate examination of data from 16 countries presented by Hobcraft, et al. (1984) , argued that changes in the reproductive pattern hide the relationship between education and child mortality. Instead, in average each one-year increment in the maternal education decreases the child mortality of under-fi ve years by 7 to 9%.
Similarly, the findings of Bicego (1990) applying a three-step procedure using the proportional hazards model for data from Haiti, suggest that the maternal education and low age at birth have a significant impact on the neonatal survival, but negligible effects doi: 10.17221/333/2015-AGRICECON afterwards. Similarly, findings of Bicego and Boerma (1990) using the demographic health survey (DHS) from Bolivia also show that the maternal level of education has a greater impact on the child survival in the first two years in the rural areas than in the urban areas. On the other hand, Streatfield et al. (1990) findings from Indonesia suggest that educated women are more aware of the appropriate immunization programs and it is this knowledge, not the formal education, which makes such mothers ensure that their children receive the available vaccines. King and Rosenzweig (1991) , using the quinquennial time-series data for 124 countries, revealed that both the income growth and changes in public spending have a negative significant impact on child mortality. Also Bhalla and Gill (1991) , using a different approach on annual time series data from 68 countries, suggest that public spending and income both have a negative impact on infant mortality. Similarly, Pritchett and Summers (1994) using the cross country time series data on health (infant and child mortality and life expectancy), found that over 500 000 child deaths within the developing countries were due to a poor economic performance in the early 1980s. A similar study within urban areas in Ghana, Brazil and Thailand by Timaeus and Lush (1995) posits that the household economic and environmental status has a great impact on the children's morbidity and mortality rate. In fact, children from better-off families tend to have a lower diarrhoea morbidity compared to children from low-income families, and this is due to the differences in the childcare practices.
A more recent study by Wang (2003) using demographic and health survey data from 60 low-income countries has also shown that the determinants of child mortality differ between the rural, urban and national levels. The study revealed that the access to electricity, income, vaccination in the first year of birth and public health expenditures are important determinants of child mortality at the national level. Within the urban areas, only the access to electricity is an important determinant of child mortality, while in the rural areas, vaccination in the first year of birth appears to be the only significant determinant. Furthermore, using a competing risks approach, Jacoby and Wang (2003) explored the linkages in rural and urban China between child mortality and morbidity, and the quality of both household and community environment. The result of their findings suggests that the access to water/sanitation, a higher maternal education level; vaccination and the use of unclean cooking fuel are important determinants of child mortality. Charmarbagwala et al. (2004) , using a meta-analysis by combining the results of 38 different empirical studies in such a way that allows for statistical hypotheses to be tested, posit that the income, household size, parental education, location (urban or rural), the gender of the index child all explain both the child mortality and nutrition. Also, the findings of Wagstaff et al. (2003) suggest that a male child dummy is significantly negative in both 1993 and 1998 for Vietnam, but a similar study on Vietnam by Glewwe et al. (2002) found that this effect is insignificant. Ghosh and Bharati (2010) examined the impact of socioeconomic and demographic factors on infant and child mortality: the study compared two groups of women with similar access to health facilities in a peri-urban area of Kolkata City in India. The study posits that the two groups have different factors standing against the child and infant mortality, suggesting that there is the need for a more understanding of the determinants of infant and child mortality at the household or community level within culturally heterogeneous populations for more effective strategies for child development and survival.
Determinants of child mortality in Africa
Results from most studies on child mortality in Africa are not quite different from the results from other parts of the world. Defo (1994) found that using longitudinal data for Cameroon with a twostate parametric and nonparametric hazards model, socioeconomic factors, housing characteristics and immunization all have a deleterious effect on the infant and child mortality. Similarly, Manda (1999) employed the proportional hazards model on data from the 1992 Demographic and Health Survey in Malawi, to investigate the connection between the infant and child mortality and birth interval, maternal age at birth and, birth order, with and without controlling for other relevant explanatory variables. Also, the study examined the direct and indirect impact of breastfeeding on child mortality. The result from this study posits that the birth interval and maternal age impacts are essentially limited to the infant year of a child and as the child grows up, the impact of social and economic variables on mortality threat tends to increase. It further revealed that breastfeeding does not meaningfully change the effects of the preceding birth interval length on child mortality; doi: 10.17221/333/2015-AGRICECON instead it partially decreases the succeeding birth interval effect. Zerai (1996) , using the Cox regression model on the demographic and health survey from Zimbabwe, explored the impact of socioeconomic and demographic factors on infant survival in Zimbabwe. The finding of this study showed that the women's average level of education within the community has more impact on the infant survival than the actual mother's educational level. A similar study in Zimbabwe, using multivariate hazard analysis on demographic and health survey [2005] [2006] , suggests that the infant mortality risk is associated with multiple births and socioeconomic variables do not have a distinctive impact on the infant mortality. Therefore, the study argued that the health policy makers should intensify efforts to encourage family planning methods that will help improve child spacing (Kembo and Van Ginneken 2009 ).
Mutunga (2007) examined the determinants of the infant and child mortality in Kenya, using the survival analysis (hazard and survival functions) based on the 1998 data from the Kenya demographic and health survey. The findings of the study suggest that the household's environmental and socio-economic characteristics have a significant influence on the child mortality; therefore, policies to improve both the household's environmental and socio-economic status were advocated in order to ensure a reduction in the child mortality in Kenya. Using the 2011 demographic and health survey, Meseret et al. (2012) conclude that different factors affect the child and infant mortality which include the mother's educational status, birth order, number of children, birth intervals, household size, breast feeding, mother's marital status and source of drinking water.
A more broad work on the Sub-Saharan Africa revealed that the determinants of child and infant mortality differ between the urban and rural areas. Akoto and Tambashe (2002) found that there is a difference in the determinants of the overall mortality, child and infant mortality between urban and rural areas. The factors responsible for this difference include a better education, a higher income level of households, and the concentration of public infrastructures such as water, sanitation services and health services in the urban areas. Furthermore, Guillot et al. (2012) , using data from the human mortality database (HMD), examined the global overview of child mortality and the findings from this study posit that the Sub-Saharan African countries have the tendency to exhibit a high child mortality and the reason for this are epidemiological causes.
CHILD MORTALITY AND FOOD SECURITY Data
To be able to examine the determinants of child mortality, this study specifies the child mortality outcomes as a function of key variables. Both the theory and empirical evidence from the previous studies formed the basis of the choice of the explanatory variables used in this study. These explanatory variables include: (1) Income -GDP per capita measured in PPP using 2005 as the base year; (2) Social and Environmental Indicators -these variables include the access to potable water, proper sanitation, and female education; (3) Policy Variables such as the share of government expenditure on health, the government health expenditure per capita and (4) Food Security -proxied by food availability per capita. All variables except food availability per capita were obtained from the World Development indicator (WDI) data source, while the food availability per capita was obtained from the Food and Agriculture Organization (FAO) database.
Empirical strategy
This study made use of both the fixed effect model and dynamic panel model estimates System Generalized Method of moments (GMM) to analyse the relationship between child mortality, income, social and environmental indicators, policy instruments and food availability. Both infant mortality (IMR) and under-five mortality (U5MR) were used to capture the level of child mortality in each of the 114 countries considered for the period 1995-2009. The fixed effect model was applied on the panel data to examine the effect of the explanatory variables on child mortality. The fixed effect model is represented thus:
where X it is the matrix of the explanatory variables in both models 1 and 2, α i is the unknown intercept for each country. Due to the possibility of serial correlation and heterogeneity in the panel data, this work further made use of a dynamic specification to account for the occurrence of significant lagged effects of the dependent variable that account for the serial correlation in the dependent variable. The dynamic panel model for each of the dependent variables -IMR and U5MR is represented thus:
where the subscript t and i represent years and countries, respectively. From Equation 3, the dependent variable is infant mortality rate per 1000 (IMR it ). The independent variables are the first and second lag values of IMR it . X it is a set of explanatory variables which includes: food per capita, Income-GDP per capita, social indicator -access to water, access to sanitation, female primary school enrolment, policy variables -share of public health in GDP expenditure and health expenditure per capita. ε i are the unobserved country-specific fixed-effects, and μ it is the identical and independently distributed error term. Equation 4 represents the model for under-five mortality rate per 1000 (U5MR it ) with first and second lag values of U5MR it as the independent variable while X it is the set of the same explanatory variables as in Equation 3. Estimating Equations (3) and (4) with the OLS (Ordinary Least Square) regression method without a panel setting estimate can be problematic; since OLS ignores country-specific fixed effects. There is a possibility of serial correlation and endogeneity of all the regressors in the dynamic OLS regression. To control for the country-specific fixed effects ε i, Equations (3) and (4) will be first differenced; first differencing removes any possible unobserved heterogeneity among the countries. The first-differenced specification can be represented thus:
where Δ represents the first difference operator.
The GMM (Generalized Method of Moments) estimate will be used to control for the endogeneity problem, in which the lagged levels of the regressors will serve as instruments. These instruments might be weak or poor instruments if the cross-section variability is greater than the time variability and if there is strong persistence in the examined panel series (Bond et al. 2001 ). This problem can be solved using the Arellano and Bover (1995) , and Blundell and Bond (1998) augmented version of the difference GMM -system Generalized Method of Moments (SYS-GMM) estimator. This system GMM estimator includes both the first-differenced and equations in levels as a system. The system GMM estimator makes use of different instruments for each estimation equation simultaneously, and it also allows for the control of the dynamics of adjustment by including the lagged endogenous variable as one of the explanatory variables (Tongur et al. 2012) . The system GMM is preferred to the first-difference estimator both when the time series is highly persistent and when the numbers of time periods available are small just like we have in this study (Favara 2003) . And lastly, the system of GMM corrects for both heteroscedasticity and autocorrelation (Roodman 2009 ).
CHILD MORTALITY RESULT AND DISCUSSION

Fixed effect regression results
Tables 1-6 summarized the findings of the determinants of child mortality using the fixed effect model on panel data for periods [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . The Hausman test favours the use of the fixed effect over random effect; the result of the Hausman test is summarized in Table 7 . Since the null hypothesis cannot be rejected with a p-value of zero, the Hausman test posits that the fixed effect estimator is appropriate for the data sets.
2 Tables 1 and 2 below summarized the findings of the determinants of child mortality in 114 countries that were considered in this study. Column 1 on Table 1 revealed the determinants of infant mortality for all the countries that were considered in the study; the result from this column suggests that food availability has a significant negative impact on infant doi: 10.17221/333/2015-AGRICECON mortality. Also, the result shows that sanitation and measles vaccination both have negative impacts on infant mortality. This result implies that increasing each of these variables ensures a reduction in child mortality within all the studied countries. Column 2 of Table 1 reports that DPT  3 Vaccines are important determinants of child mortality aside from food availability, sanitation, and measles vaccines within all the studied countries.
From column 3 of Table 1 ; income measured in log GDP also has a significant negative impact on child mortality. Columns 4, 5 and 6 revealed that sanitation, both forms of vaccination, food availability per capita, the share of health and log of GDP are important determinants of child mortality within all the studied countries.
Using the fixed effect estimates, Table 2 reports the determinants of the under-five mortality rates within all the studied countries. The results in Table 2 are quite similar to the results in Table 1 except that for the under-five mortality rate, income seems not to be significant, while every other variable obtained for infant mortality has a significant negative impact on the under-five mortality within all the studied countries. The results from Tables 1 and 2 are similar to findings from several studies such as Wang (2002), Charmarbagwala et al. (2004) , Van der Klaauw and Wang (2004) just to mention a few. Using a metaanalysis, Charmarbagwala et al. (2004) found that income/expenditure or proxy variables have a significant negative impact on infant mortality. Also, Wang (2002) using the ordinary least square and the weighted least square approach, found that income and the share of health expenditure both have a significant negative impact on the infant and child mortality at the national level and within the urban areas of the studied countries. Furthermore, findings of Van der Klaauw and Wang (2004) , using a flexible parametric framework of the hazard rate models on child and infant mortality for India, were similar to this work. The authors found a strong negative relationship between child mortality and both socio-economic and environmental characteristics; the study predicts that most under-five mortality can be prevented if there is a sufficient access to sanitation facilities.
This study further explores the determinants of child mortality in all the African countries that were included in the study. Data from 37 African countries Tables 3 and 4.  Table 3 reports the determinants of infant mortality while Table 4 reports the determinants of the underfive mortality rate within the 37 African countries. Results in Table 3 suggest that important determinants of infant mortality in all African countries included within the study are safe water, sanitation and income. Table 4 reports the important determinants of the under-five mortality rate within Africa as a continent. The results in Table 4 suggest that safe water and the share of public health in GDP are the most important determinants of child mortality; ironically food security appears to be insignificant in all cases. These results suggest that for all African countries, food security does not impact the under-five mortality, although it does impact the under-five mortality within all the 114 countries that were considered in Table 2 .
The findings on Tables 3 and 4 are similar to the findings of Mutunga (2007) in Kenya; the study suggests that both environmental and socio-economic variables are important determinants of infant and child mortality using a hazard rate framework. Also, a similar study carried out on three sub-Saharan African countries by Kazembe et al. (2012) on Senegal, Uganda and Rwanda, found that the mother's level of education and socio-economic variables are important determinants of child mortality within these three countries.
Results in Tables 5 and 6 report the findings of the determinants of the infant and under-five mortality within 17 food insecure African countries. The results in Table 5 revealed that important determinants of the infant mortality within food insecure African countries include: access to safe water, share of health, female primary school education and food availability. Each of these variables have a significant impact on the infant mortality within the 17 food insecure African countries that were considered in the study. Results reported in Table 5 further suggest that the increasing access to safe water ensures a decrease in the mortality. Likewise, an increase in the share of public health in GDP and food availability ensures a decrease in the infant mortality within the 17 food insecure African countries. This result differs from the determinants of infant mortality within the 37 African countries reported in Table 3 . Environmental factors and income appear to be the only important determinants for all African countries, while for African Robust Standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1 countries with the food insecurity, food availability also has an impact on the infant mortality as well as female primary education, the share of public health in GDP, environmental and policy variables. Table 6 reports the result of the findings of the determinants of the under-five mortality within the food insecure African countries; the result in the table suggests that the female primary school enrolment, safe water, the share of public health in GDP and food availability are important determinants of the under-five mortality. This result posits that to ensure a reduction in the under-five mortality rates, it is imperative to increase food security, female education, access to safe water and public health expenditure. This result differs from the determinants of the under-five mortality within all African countries as reported in Table 4 . The important determinants of under-five mortality are just safe water and share of public health in GDP, therefore, grouping all African countries together conceals the reality of the determinants of child mortality.
SYS-GMM estimate regression results
To ensure that heterogeneity and autocorrelation do not plague the result of the fixed effect, this study further investigates the determinants of child mortality using the SYS-GMM estimate on the dynamic panel data. Tables 8 and 9 summarized the findings from the dynamic panel model for the determinants of the child mortality: infant mortality and under-five mortality rates; the SYS-GMM estimator was applied to a panel with annual observations from 1995-2009. The dependent variable is the child mortality, infant mortality and under-five mortality rates measured in thousands, the independent variables are per capita health expenditure, access to sanitation, and access to safe water, vaccination (measles and DPT); food security proxied by food availability per capita, and the female primary school enrolment rate. Table 8 compared the determinants of the infant and under-five mortality rate among all the countries considered in the study and the African countries with food insecurity while Table 9 compared the determinants of the infant and under-five mortality rates between 37 African countries and the African countries with food insecurity.
From Tables 8 and 9 , it appears that all other variables apart from food availability, vaccinations and access to potable water are not significant. Variables such as the policy variables -the share of public health in GDP and per capita health expenditure, access to safe water and female enrolment, are not significant for all groups of countries using the SYS-GMM estimates. This result could be due to the correlation between the explanatory variables that are not obvious in the fixed effect estimates. The result from the SYS-GMM estimates helps to confirm the Robust Standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1 Table 9 compared the determinants of infant mortality between all African countries and the food insecure African countries; the result posits that for the infant mortality, vaccinations are the most important determinants for both the African countries with food insecurity and all African countries. The impact of the vaccines-measles and DPT is higher within the food insecure African countries than compared to all African countries, this result suggests that more infant lives will be saved by ensuring the adequate vaccinations within the food insecure African countries than will be saved within all African countries. On the other hand, the results in columns 5, 6, 7 and 8 revealed that food availability and vaccinations-measles and DPT are important determinants of the under-five mortality rates within the food insecure African countries. But food availability is not significant in explaining the under-five mortality within all African countries, instead, only vaccinations-measles and DPT explain the under-five mortality within these African countries.
SUMMARY AND CONCLUSIONS
Summary
This paper examined important determinants of child mortality and whether there is a difference in the determinants of child mortality amidst 114 countries, 37 African countries and 17 African countries with food insecurity using the SYS-GMM estimates and the fixed effect estimates.
The results from the SYS-GMM estimates and the fixed effect estimates of the determinants of child mortality revealed that considering all African countries together concealed the true of picture of the determinants of the child mortality-infant and under-five mortality rates. The findings from this study posit that food security and vaccinations are important policy options paths to follow for the food insecure African countries to ensure a reduction in child mortality. For the rest of the world countries, sanitation, food security and vaccinations are important determinants of child mortality, while for all African countries together, only vaccinations stood out as an important determinant of child mortality.
Conclusions
The findings from this study posit that the determinants of child mortality are similar to the findings of Wang (2003) , Charmarbagwala et al. (2004) , Van der Klaauw and Wang (2004) , among many works on child mortality that posit that the social, economic and income factors are important determinants of child mortality. This study further extends that for the food insecure African countries, increasing food security is another important determining factor of child mortality. Therefore, in conclusion, for the food insecure African countries ensuring food security guarantees a decrease in the child mortality.
Policy Recommendation
The findings from this research show that it would be of countless advantage for African nations with food crises, with famine conditions or near famine conditions, to pursue a reduction in child mortality via food security. Developed countries and organizations that donate food aid should intensify the aid supports to these African countries through the domestic food production plans to guarantee the domestic food security.
A future work would analyse the contribution of the different sources of food availability by comparing the domestic food production within the food insecure African countries with the food aid and food import and their impact on child mortality as this would help the policy makers and donor countries in choosing the best policy options for these food insecure African countries. Robust Standard errors in parenthesis; ***p < 0.01, **p < 0.05, *p < 0.1 Continuated Table 9 
